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DETECTIOM TECHNIQUES FOR TENUOUS PLANETARY ATMOSPHERES 

1. Introduction, Abstract, and Sumnary 

This  report will cover the work performed from 1 July 1969 

through 31 December 1969 on Grant NGL-03-002-019 between the University 

o f  Arizona and the  National Aeronautics and Space Administration. 

T h i s  contract was set  up to support the development of new types 

of detectors for analysis of planetary atmospheres. 

interest was i n  detectors for use under partial vacuum conditions; 

recently, the program has been extended t o  include detectors for use a t  

one atmosphere and adsorption systems for control and separation of 

gases. 

Initially, the 

Results to date have included detectors for O2 and H2 under par- 

Experiments on detectors t i a l  vacuum conditions (Pub1 ications 1,  3, 4) .  

for use a t  higher pressures began i n  1966, and systems for CO, H2, and O2 

were reported i n  '1967 and 1968 {Publications 8 ,  12). 

began on an electrically controlled adsorbent. 

under proper conditions a t h i n  film o f  semiconductor material could be 

electrically cycled t o  adsorb and desorb a specific gas. This work was 

In 7968 studies 

I t  was demonstrated that 

extended to obtain quantitative data on the use o f  s e m i c ~ n d u ~ t ~ r s  as con- 

- trollable adsorbents (Publication 12) 

In '1968 a new techniqu for dry replication and measurement o f  

the thickness of t h i n  films was developed. A commercial material, Press- 

s shown to be s a t i s f  ory when pro erly used. T h i s  te~hnique 
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i s  most useful for studies o f  semiconductor t h i n  films where normal 

interference techniques are not practical because o f  the ~ ~ n ~ e f l e ~ t i w ~  

nature of the film (Publication 13). 

In 1969 studies began on a corona discharge detector for w a t e ~  

f h f s  system was shown to  be rapid f n  response, suitable for con- vapor. 

tinuous low power operation and reasonably linear i n  o u t p u t  (an a loga- 

rithmic p lo t )  from 10% R.H. to  95% R.H. 

The electroadsorptfon phenomena reported i n  1968 (Pub1 i ~ a t f ~ n  12) 

was extended to bulk  ZnO samples by using a gas chromatograph. The 

objective of developing a controllable electroadsorbent f s  slowly being 

rea 1 i zed. 

11. Sumnary o f  Work i n  the Past S i x  Months 

A. CO o r  H, Adsorption on Hot Palladium 

Studies of the reaction of CO or H2 w i t h  hot ~ a l l a d i u m  indicate 
L 

t h a t  the change i n  positive ton emission t h a t  occurs when these gases 

contact the metals is  due a t  least p a r t i a l l y  to removal of a surface layer 

of sulfur and carbon. This layer of impuri ies has been demonstrated t o  

be due t o  S and C ddffusing fram he interior o f  the metal t o  the surface. 

8 .  Corona Discharge Humidity Detector 

The current generated f n  a point-to-plane corona discharge was 

shown to  be d ~ ~ e n ~ e ~ t  on the ambient water vapor pressure. The use of  a 

mu1 t i p o i n t  brush nd an ultraviolet source s ~ a b ~ l i ~ @ ~  the system and 

~ i ~ t a i n s  $ e n ~ ~ t ~ v i ~ y  over a wide range o f  R.H. The system has been 

~epackage~ f o r  use i n  f i  
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C. on ZnO 

A new system has been designed and b u i l t  t o  make use o f  the gas 

~ ~ r o ~ t ~ ~ r ~ ~ h .  Most o f  the e f f o r t  has been devoted t o  f ind ing  an optimum 

system f o r  holding the ZnO, applying the e l e c t r i  fi el d and i ntroducf ng 

the gas. The system i s  new and no resu l ts  are avai lable a t  t h i s  time. 

D. 

Some years ago i t  was shown tha t  the electron current 

tungsten was dependent upon the p a r t i a l  pressure of water vapor. The 

appl icat ion o f  t h i s  system for  detection o f  water vapor on Mars has 

become a poss ib i l i t y ,  and we have been looking a t  t h i s  react ion again dn 

the presence o f  h4gh (5 t o r r )  pressures o f  C02. There have been problems 

with f i lament burn-out because o f  C02/tungsten reactions, but we are 

s t i l l  working on the pro jec t  with the hope o f  operating a t  lower tempera- 

tures where CO$W reactlor,$ w i l l  not occur. 

E. Other A c t i v i t i e s  In the Laboratory 

The ARPA-sponsored studies on the relat ionships between fat igue 

and subsequent exo-electron emission are continuing. We have shown tha t  

if a metal i s  fat igued t o  some f rac t i on  o f  i t s  t o t a l  l i f e  and then heated 

gently, i t  w i l l  emit exo-electrons. ThZs @ ~ e ~ t r o ~  current can then be 

re la ted t o  the fa t igue h is to ry  o f  the specimen. 

I n  November 1969, Mr. Chr is t ian Savitr jo ined the group as B 

hnic ian on the ARPA pro ject ,  H i s  work has been a sign4 

cant con t r i  but ion t o  he l a h r a t o r y .  
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I I 1, Indiv idua l  Project Reports 

A. CO or H, Adsorption on Hot Palladium 
Richard Pope and John Asheraft 

L 

These studies have been going on for some four years; i n  1966 we 

showed t h a t  when CO o r  H2 contacted hot Pd, a current of positive ions 

was emitted. T h i s  positive ion current was dependent on the par t ia l  

pressure o f  H2 or CO and could be used as a detector f o r  these gases. 

The phenomenon behi nd t h i  s posi ti ve ion emission has been el us1 ve 

Orfgfnalty we suggested t h a t  posftfve ions of  H+ QP CO* were generated on 

the Pd surface, b u t  a simple thermodynamic argument killed t h a t  idea. 

When a mass spectrometer became available, we determined t h a t  the emitted 

ions were sodium and potassfurn init ially present as impurities i n  the 

pal  ladium. 

The next question was, o f  course, why should  the ambient gas 

affect the ion emission? Three possible processes were suggested for 

this reaction: 

I .  The CO o r  H2 m i g h t  dfssolve i n  the pa l lad ium,  expand the 

palladium latt ice and permit more Ma and K t o  diffuse t o  

the surface. 

2. The CO or H2 mfght  change the Pd work funct on and there- 

by increase the fraction o f  Ma and K emitted as ions 

rather t h a n  atoms. 

If the Pd surface was init ially coveved by a layer o f  
I _  

3 .  

some material which partially blocked the f low o f  Ma and 

K ,  a gas t h a t  reacted w i t h  thfs 'surface layer (and 

removed i t )  would increase the Na" and K' ion current. 
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These questions have been investigated by M r ,  Richard Pope as 

pa r t  o f  h i s  thesis work f o r  the M. S. degree. 

shown i n  Figure 1 ,  

ated apparatus, i t  was practical t o  measure the gas pressure, composition, 

ion emission and palladSum temperature as a funct ion o f  t ime.  

I n  a series o f  experiments we have observed: 

The experimental system i s  

With the EAS Quad - 250 mass spectrometer and associ- 

1, The emitted pos i t i ve  Ion spectrum as a funct ion o f  time, 

ambient gas compos4 ti on and pressure e 

2. The changes i n  the system gas composition as a function 

o f  palladium temperature. 

The resu l ts  o f  Item 1 above fh'dicate tha t  only the ions o f  Na, KI) 

and Ca are present. The order o f  abundance i s  t ha t  l i s t e d  above; these 

elements are thought t o  be present as i n i t i a l  impur i t ies i n  the palladium. 

The t o t a l  Ion  current i s  a funct ion o f  ambient gas pressure and 

displays a strange hysteresis behavior as the pressure changes. The 

ef fect  f s  observable w i th  H2, N2, and 02' 

Figure 2. 

than on the decreasing part .  

0.1 t o  10 t o r r  and then closes a t  higher and lower pressures. 

Typical resul ts  are shown i n  

The i on  current f s  lower on the tncreasing part o f  the cycle 

The loop width i s  largest a t  a pressure o f  

A t  the moment we have no explanation f a r  t h i s  data. The hystere- 

s i s  w i th  hydrogen might be due t o  s o l u b i l i t y ,  but  Smith (Reference 1) 

indicates tha t  Pd does not show hysteresis i n  adsorption a t  80OOC. To 

the best o f  our knowledge thds phenomenon has not been reported i n  the 

l f t e r a t u r e  for  HZ, 02, or  N2 on Pd a t  8OO0C,  

t i v e  i on  emission i s  a more sensdfive t e s t  for s o l u b i l i t y  than those 

It may wel l  be tha t  posi- 

presently i n  use, 
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The appearance o f  hysteresls i n  adsorption, wi th  an isotherm tha t  

I s  lower when measured w i th  increasing pressure than w i th  decreasing 

pressure, has been discussed by de Boer (Reference 7).  He suggests tha t  

microporosity may be the cause o f  t h i s  phenomenon. This agrees w i th  the 

discussion o f  Reference 1, page 84, which suggests tha t  H2 i s  adsorbed by 

Pd and opens fissures; these f issures (mlcroporosj ty) permit the H2 t o  

escape eas i ly  when desorption begins. 

opened by adsorption may be dr iv ing  force behind Figure 2 where higher 

ion  currents are observed during desorption, 

ther i nvesti  gat! on * 

This idea tha t  the l a t t i c e  i o  

This topis will bear fur- 

The observations o f  changes i n  ambient gas composition, when hot 

palladium i s  present, require some discussion o f  the experimental tech- 

nique before presentation. 

For an experimental run, the Pd was outgassed a t  1000eC for 60 

minutes a t  

analysed, and then H2 or CO was Introduced and the pressure stabi l fzed. 

The gas was analysed again, and the Pd was heated t o  800T. The ambient 

gas was analysed continuously f o r  some 19 minutes as the CO or H2 reacted 

w i th  the hot Pd. 

t o r r  and then cooled t o  23OC. The residual gas was 

Each experfment run was repeated a t  least  three times. 

The resul ts  are presented i n  normalized form. ?his normalization 

was necessary because the mass spectrometer varied s l i g h t l y  i n  sensl t iv -  

i t y  from run t o  run. 

the mass peaks. 

malized out. Certain mass peaks were found t o  increase by factors con- 

siderable above the all-mass-peak average. It i s  these mass peaks tha t  

This f n  turn Induced changes i n  peak height for a l l  

I n  our' resu l ts  t h i s  all-mass-peak increase has been nor- 
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we s h a l l  be concerned w i t h ,  

increased more than t h e  all-mass-peaks average, The d e l t a  f a c t o r  i n  Fig- 

ure 3 shows the increase i n  each mass peak as a f r a c t i o n  o f  or tg ina l  peak 

height.  Ne suggest t h a t  some o f  these peaks represent  compounds generated 

by reac t ions  between the ambient CO or HZ and impurities tha t  had diffused 

from the i n t e r i o r  to  the sur face  o f  the palladium. 

carbon and sulfur on palladdum has been reported by Tracy and Palmberg 

(Reference 2 ) .  

Carbon could be removed by heating t o  900% i n  5 x 

Removal o f  sulfur required argon-ion bombardment f o r  days, ind ica t ing  the 

s t rong bonding between sulfur and palladium. 

In Figure 3 we show the mass peaks t h a t  

Impurity d i f fus ion  o f  

These impurities could not  be removed by heating alone. 

t o r r  of oxygen. 

To compare our  da ta  Figure 3 w i t h  t h a t  o f  Reference 2 ,  we must 

look a t  the peaks a t  mass 44(co2), 6O(COS), and 64(SO,). 

CO/Pd shows s i g n i f i c a n t  peaks a t  mass 44, 60, and 64. 

The spectrum of 

(The peaks a t  mass 

35, 45, 46, 47, etc., are 

of the hot  Pd f 5 lament, ) 

mass 60(COS) and 64(S02), 

All we can suggest a t  the 

between sulfur and carbon 

vacuum system. 

hydrocarbons produced by the c a t a l y t i c  ac t ion  

The H2/Pd spectrum shows s ign i f f can t  peaks a t  

but the expected peak a t  34(H2S) is not  present .  

moment is t h a t  H2 somehow induces reac t ion  

on the palladium and residual  CO In  the 

More experiments will be run i n  the next six months. A t  the 

moment we can only propose t h a t  the change i n  posftive ion current from 

palladium, i n  the presence of H2 o r  CO, i s  due t o  an expansion o f  the Pd 

' l a t t i ce  and t o  the removal of a surface Payer of carbon and sulfur. 
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Other aspects s f  the CO or H2 versus hot  Pd reaction have been 

investigated by Mr. John Ashcraft, Mr. Ashcra f t ' s  work was dtscussed On 

some detail i n  our las t  report; i n  t h a t  report, we indicated t h a t  the CO 

or  H2 versus Pd reaction produced a t h e m 1  pulse during adsorpt ion a t  

low (200°C) temperatures. This thermal pulse was associated w i t h  the 

adsorptf'on is0 hewn of these gases on palladium. 

In the las t  report we mentioned the observatfon of exo-electrons 

during adsorpt on o f  H2 or CO on Pd. 

adsorption has been reported elsewhere for O2 on N i  (Reference 4 ) .  

question o f  interest i s  "Is exo-electron emission a necessary part o f  the 

reaction, or i s  i t  j u s t  something t h a t  happens when adsorption occurs?" 

Some very prel h i n a r y  experiments by Mr. Ashcraft indicate t h a t  

external electric fields can affect exo-electron emission and the CO/Pd 

adsorption reactton. More work i n  this area is needed before conclusions 

can be drawn about this effect, b u t  i f  we can demonstrate t h a t  electric 

fields can affect adsorption, this will be a most significant discovery, 

The emission o f  electrons during 

The 

B, Corona Dfscharge Humidity Detector 
Mark Carnes and Davfd Bents 

In  our l as t  six-month report, we discussed the development o f  a 

corona discharge humidity detector. The detector responded rapidly t o  

changes i n  relative humidity, and the output current varied over some 

three orders o f  magnitude as the relative humidity changed Prom 10% t o  

90% D 

In the last six months, a major effort by Mr,  Carnes and Mr, 

has been devoted t o  f i r  t repackaging the system d n  a form suitable 
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for f i e l d  appl leat ions,  second t o  f f n d l n g  the optimum configuration, and 

third t o  ga in ing  understanding o f  the physical operation of the system. 

The repackaging of the system and the tes ing  process have been 

quite successful, 

2-3/4" OD steel ,  the inner spacers are Teflon, and the brush Is tungsten 

w i t h  50 points. The UW l i g h t  i s  enclosed i n  a quartz tube through which 

a i r  is passed. This removes the heat generated by the UV light. In the 

past, this heat raised the temperature o f  the air as i t  passed through 

the system and effectively changed the relative humidity.  

The system I s  shown i n  Fdgure 4 .  ?he outer tube i s  

This "quartz-tube" technique has solved a most puzzling problem-- 

why the system would no t  operate a t  low flow rates. In the past ,  a large 

thru-put of a i r  was needed apparently t o  remove the heat generated by the 

UV lamp. The new system operates a t  low flow rates (0.5 scfm o r  less),  

and we! feel t h a t  this will be a sfgnificant advantage i n  fjeld operations 

where fan power i s  limited. 

A typical calibration curve i s  shown i n  Figure 5. The cross- 

hatched area Indicates the spread i n  the da ta  for three separate runs on 

three days when the barometric pressure varied Over a range o f  about 1.5 

inches of mercury. T h i s  spread is t h o u g h t  t o  be due primarily to  the 

pressure sensitivity of the phenomenon i tself ;  however, there i s  some 

scatter i n  the data because of the calibration techniques which makes use 

of wet and dry bulb thermometers. Our tables (Reference 5) are the best 

available, bu t  i t  i s  sometimes ne sary to interpolate, and t h i s  intrs- 

duces an u n c ~ r t ~ i n ~ y  factor. A l l  of these errors are lumped t o ~ e t h e ~  .In 

the cross-hat egion i n  Figure 5. 
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The data o f  Figure 5 extends only t o  a R.H, sf  70% because most 

of our e f f o r t  has been devoted t o  developing an optimal system for the 

1040% R . H .  range. 

faster  than we can change the r e l a t i v e  humidity, we fee l  tha t  the resul ts  

o f  f i gu re  5 are encouraging. 

detector works qu i te  well ,  but  we do not bel ieve i n  using wet bulb data 

below 10% R.H. i n  our appl icat ion. 

I n  view o f  the f a c t  that  the system responds much 

We have taken data below 5% R,H,; the 

I n  the next s i x  months, we w f l l  work on extending the range, 

invest igat ing the e f f e c t  o f  ambient barometric pressure, and developing 

an improved ca l ib ra t ion  system. 

The other question that  remains f s  that  o f  understanding how the 

device works. Here we have made no e f fec t i ve  progress a t  a l l .  The UV 

l i g h t  seems t o  be necessary i f  we a r e  to  have s e n s i t i v i t y  below 30% R.H., 

but we don' t  know why. All we can say, a t  t h i s  time, i s  tha t  we w i l l  try 

t o  f i n d  a graduate student t o  study t h i s  process for an M. S. thesis. 

For the presentD M r .  Carnes w i l l  continue w i th  the tes t  program as p a r t  

o f  h i s  wrk on an undergraduate term project. 

As a thought f o r  the future, i t  i s  worth c m e n t i n g  tha t  - a l l  con- 

ventional humidity detectors requfre a fan or pressure t o  p u l l  air 

through them. 

actuating because air would be pushed through the system by the E lec t r i c  

I n  pr inc ip le ,  it Corona Discharge System could be self- 

Wind Effect .  A system o f  t h i s  type would require only high voltage, low 

current, power and could operate fn  a remote area for months without 

at tent ion.  A proposed detector o f  t h i s  type i s  shown i n  Figure 6. 

any NASA group expresses i n t e ~ e ~ t  i n  t h i s  technique, a simple working 

If 

model t o  t e s t  ~ e a s i b i l i ~ y  can be b u ~ l ~  qu i te  easi ly.  
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C, ~ l @ ~ t r ~ ~ d s ~ r ~ t ~ o n  o f  0, L. on ZnO 
Brad F ra t i e r  

I n  our e a r l i e r  reports we discussed the electroadsorption of  oxy- 

gen type gases on ZnO. 

control  l e d  and s p e d f i e  adsorbent but he appl icat ion of t h i s  effect 

required more study and development, To fur ther  t h i s  work, we purchased 

a Hew1 e t  t-Pac kard mode 1 700 gas chroma tograph a 

I t  was ~ e ~ Q n s t r a t e d  tha t  ZnO Could serve as a 

Mr, Frazier jo ined the group during the s u m r  o f  1969, and he 

has been working on the GC as par t  o f  h i s  M, S,  thesis program. M r .  

F rar ie r  has done a great deal o f  work on se t t i ng  up thSs instrument f o r  

the ZnO experiment. A measure of t h i s  i s  the fas t  tha t  graduate students 

i n  - other departments are asking him f o r  help with t h e i r  GC problems, 

Our studies i n  the l a s t  s i x  months have been i n  two areas, 

1. To f i n d  a be t te r  way of supporting the ZnO i n  t h i n  layers 

f o r  maximum ZnO/gas exposure. The most promising mater la l  

t o  date i s  a ZnO coated paper donated through the kindness 

o f  Dr. Sam Schoenfefd o f  the New Jersey Zinc Company. 

2. The other topie o f  present in te res t  I s  the measurement o f  

the separation capab i l i t y  o f  the ZnO system for 02/N2 or 

02/Ar mixtures. We fee l  t ha t  the f i r s t  appl icat ion o f  

t h i s  adsorption system might we l l  be i n  gas ehramatog- 

raphy where separation o f  02/Ar mixtupes I s  a problem. 

3. A more d is tan t  but important area o f  i n te res t  i s  t ha t  o f  

catalysis.  If we can control  a ~ s o ~ p t i o n  ~ h e ~ ~ e n a  OR ZnO, 

t o  ~ o n t ~ o ~  o f  ~ a t a ~ y s i s  i s  d i r e c t  because 

s i s  depends r p t i s n  . 
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The experiment 1 system is b u i l t  around the fnO reaction tube 

whlch is  shown i n  Figure 6. The ZnO i s  held on a white bond paper by a 

proprietary New Jersey Zinc Company process. The inner electrode is  a 

brass screeno and the outer electrode i s  a t h i n  film o f  stannous oxide. 

The gas chromatograph H-P-700 is set  up i n  an unusual way and 

wf l l  be descrfbed f n  some detail. 

i n  Figure 7. The detector is a standard thermal-conductivity wheatstone 

bridge arrangement. The columns are porapak Q, dia tapor t ,  and a molecu- 

l a p  sieve. 

The f low diagram for the GC i s  shown 

Operating parameters normally used are as follows; 

Oven Temperature 

Detector Temperature 

Detector Current 

Carrier (He1 i urn) F1 ow 

1 oooc 
130% 

200 mA 

50 mt/rnin 

The helium flow passes through two gas sampling valves and i n t o  

the gorapak Q column. The c01~mt-t i s  external to the oven and a t  ambient 

temepr~ture. The f low next goes through the back s%de o f  the detector 

and in to  the oven. In the oven are located the diataport and molecular 

sieve columns which are a t  lOO*C. 

The flow finally ends by passing through the front  o f  the other 

side o f  the bridge detector. Note t h a t  the injection port  1s completely 

bypassed. T h i s  is  done t o  decrease the diffusion of sample gas along the 

helium flow. 

Upon dnjectfon of a slug o f  sample gas, the helium f l o w  forces i t  

t column, por pak Q. 

es. I n  the oven, he oxygen and 68 are sep 

In t h f s  column C02 is  resolved from 
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remaining columns, The oxygen comes out  f irst  while CO takes about 8 

minutes to pass through the detector. An interesting feature o f  this 

f low system i s  the fact t h a t  the o u t p u t  from the detector changes s ign  

as the various sample gases come through. The detector o u t p u t  is  fnte- 

grated by an op-amp integrator circult t o  permit an accurate comparison 

between the composition of the gas f l o w i n g  in to  the reaction system w i t h  

t h a t  f lowing ou t .  

The experiments t o  date have involved running  a mixture of a 

carrier .gas (helium) and various reactant gases (02, CO,  e tc , )  through 

the ZnO reaction system. The gases are sampled going i n  and corning out 

o f  the ZnO chamber. Results to date indicate that adsorption/desorption 

can be observed b u t  no catalytic reactions have been seen. T h i s  i s  dis -  

appointing b u t  n o t  surprising because other investigators (Reference 6 )  

have indicated that no catalytic action occurs a t  room temperature, 

The system i s  being modified t o  permit heating of the catalyst 

and more comprehensive experiments on electroadsorption. 

D. Electron Emission from Thoriated Tungsten as a Detector for 
Trace Quantities o f  Water Vapor 
David Bents 

This experiment is  based on an early work o f  Langmuir (Reference 

7) i n  which he commented that trace quantities of water vapor were effec- 

tive i n  changing the work function o f  t ho r t a t ed  tungsten. 

repeated Langmuir's work and demonstrated t h a t  trace quantities o f  water 

In 1964 we 

vapor could be detected i f  oxygen was rigorously excluded from the systern. 

No further work was done on this detector because no appllcation was 

apparent a t  the time. 
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In 1969 we appreciated t h a t  a trace detector o f  water might be 

useful i n  a Mars lander system. The major question was whether the pres- 

ence of a high pressure of C02 ( 5  torr)  would i n h i b i t  o r  mask the reac- 

t i o n ,  

To investigate this question a tes t  system has been b u i l t  w i t h  

facil i t ies for controlling C02 par t i a l  pressure and introducing known 

quantities o f  water vapor. The system i s  shown i n  Figure 8. 

t ion ,  the system is first pumped t o  

residual oxygen from the system. Dry, oxygen-free t a n k  C02 is  expanded 

For opera- 

torr ( v i a  valve #1) t o  remove 

in to  the tes t  system ( v i a  valves #5 and #2) t o  a pressure o f  5 torr. 

Experiments a t  various relative humidities are possible by u s i n g  the 

humid i ty  loop shown i n  Figure 9. 

vapor and then the C02 water vapor mixture is cooled t o  a known tempera- 

ture w i t h  ice or l i q u i d  nitrogen, The C02/H20 mixture reaches 100% R.H. 

a t  the ice or liquid nitrogen temperature, the excess water vapor con- 

denses out  and the remaining C02/H20 gas is  warmed t o  room temperature. 

The gas mixture i s  then expanded f r o m  one atmosphere t o  the 5 torr tes t  

pressure (v i a  valves #3 and #2) t o  provide the proper relative humidity.  

Dry C02 i s  first saturated w i t h  water 

As an example we m i g h t  consider how the system produces a par-  

t i a l  pressure o f  3 x low2 torr (dew point -5O.C) o f  water vapor and a 

C02 pressure o f  5 torr. Returning t o  Figure 9, the C02 4s humfdlfied i n  

the water bubbler a t  20°c, the par t fa1 pressure o f  water vapor i s  18 

torr, and the t o t a l  pressure is 760 torr, The C02/H20 mixture i s  cooled 

to  OeC and emerges a t  100% R.H. w i t h  a p a r t l a l  water vapor pressure of. 

4.5 torr and a to ta l  pressure o f  760 torr, The gas mixture I s  warned t o  

20eC a t  constant pressure and the 4.5 torr o f  water vapor produces a 
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R,H, 

ti a t  pressures 

25%. Another way of expressfng t h f s  i s  t o  gilve the r a t i o  o f  par- 

I f  t h l s  mixture 9s expanded t o  a t o t a l  pressure o f  5 torr a t  constant 

temperature and both gases behave ideally, the partial pressure r a t i o  

will remain constant. The 7Ynal water vapor pressure i n  the system will  

be 3 x lom2 torr. 

The experiments w i t h  this system have proceeded rather slowly 

because M r .  Bents has been spendjng par t  o f  h i s  time on the Corona D i s -  

charge Humidi t y  

Results 

I .  

2, 

3.  

To date 

Detector . 
t o  date indicate: 

C02 does not affect the work function o f  thoriated tung-  

sten. 

The work function o f  thoriated tungsten f s  greatly 

increased i n  the presence o f  trace quantities o f  water 

vapor. 

Tungsten and C02 begin t o  react a t  1200QC, and 

sten i s  destroyed. 

we have not been able t o  operate the system as 

the tung-  

we had 

hoped, The problem is t h a t  we cannot heat the tungsten t o  18000C t o  

desorb water vapor-because o f  the reaction w d t h  C02 a t  92000C. This f s  

a serious problem which has not been salved t o  date. 
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E, Other ActSvities i n  the Laboratory 

The ARPA-supported study o f  the r e l a t i o n  between f a t igue  and 

pos t fa t igue  exo-electron emission 1s continuing. ?he test  system f o r  

room ambient experiments i s  shewn i n  Figure 9. The specimens a r e  1" x 

7" x 0.090", 1100-0 aluminum, t h a t  have been fatfgued t o  some fract ion 

o f  t h e i r  fa t fgue  l i fe .  

exposed t a  u l t r a v f o l e t  l t g h t  from a quartz  tube lamp. Thermatly induced 

vacancy migration produces exo-electrons which a re  a t t r a c t e d  t o  the 

pos i t.f ve col l e c t o r .  

For a test the specimens a r e  heated t o  900C and 

Typfcal results a r e  shown i n  Figure 10 where pos t fa t igue  exo- 

e lec t ron  cur ren t  i s  plo t ted  as a funct ion o f  the fa t fgue  level. There 

seems t o  be a d e f i n i t e  r e l a t i o n  between f a t igue  and postfat igue exo- 

e lec t ron  emission. 

IV. Personnel 

Students who have been supported by the grant  and their present 

a c t i v i t i e s  a r e  listed below; 

1. Donald Collfns, M.S., 1963, Ph.D., Cal i fornia  fnstftute 
of Technology, Sept  . 1969. Presently Research Associate , 
CIT. 

2. George RotgonyS, Ph.D., 3963. Senior S t a f f  Member, Be19 
Telephone Laboratories,  Murray H i  1 1 , New Jersey. 

3. Donald Crefghton, Ph.D., 1964. Professor ,  University o f  
Missouri, Rolla. ( P a r t i a l  NsG-458 suppor t , )  

4. Maj. C ,  W. Carlson, M.S., 1965. 

5 .  Melvin Eisenstadt ,  Ph.D. 1965. Associate Pmfesso r ,  

6 ,  John Lane, M,S. , 1968. PhOleo Ford Company, Tucson. % 

Active duty ,  U.  S ,  Amy. 

i t y  o# ~ a 1 ~ ~ ~ ~ ~ ~ a ,  Santa Barbara. 
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7, Herman Sulsona, Ph.D., 1968. Professor  and Head o f  the 
Department o f  Mechanical Engineering, University o f  
Puerto Rico, Mayaguez. (Pa r t i a l  MsG-458 support  .) 

8, John Ashcraf t completed an undergraduate term paper pro- 
j ec t  i n  the laboratory.  Mr. Ashcraft fs now an EE grad- 
ua te  student. 

9, W. Farwell will recelve the M.S. degree i n  the spr ing o f  
1970. A t  present he is working for Hughes Ai rc ra f t  3n 
Los Angeles. 

Two graduate students joined the group i n  June 1968. William 

O t t  is  working on the ARPA-supported exo-electron emission program. 

Richard Pope is  workfng on the CO/Pd problem. Brad Fraz ie r  joined the 

group i n  June 1969; he i s  working on the ZnO adsorption program. 

Several EE and Physlcs undergraduate students a r e  working i n  the 

laboratory on a parttime bas is .  The d r a f t  i s  l i m i t i n g  the graduate 

enrol lment t o  an i ncreasi  ng degree. The employment of undergraduate 

students helds t o  f i l l  the gap and gives the students an opportunity t o  

work i n  an a c t i v e  research laboratory.  

V .  Publfcatfons Generated t o  Date by Research on This Grant 
S. A. Haenig and Others 

1. "Chemisorption Detector for Oxygen ," Rev.  s&, Xnstr., 
35, 15 (1964), w i t h  De Collins. 

2. "Protection o f  Copper i n  High Temperature Alr," Rev. 
soi. Irn*P., 35, 904 11964). 

3 .  

4. 

"Chemisorption Detector for Hydrogen ," Reu. S d .  Snt3.t~. , 
36, No, I ,  66 (19659, w i t h  M. Eisenstadt. 

"Change i n  the Tehrmisnic Emission Current o f  P ~ l l a d i u m  
Due t o  Chemisorption o f  Atomic and Molecular Hydrogen )'I 
J .  Chem. Phys., 45, No. 1, 127-132 (July 1966), w i t h  
M e  E i  sens t ad t  . 
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5. "Beam Source for Molecular and Atomic Hydrogen," Rev, 
Sei .  fnstr., 36, No. 12, 1878-1879 (19651, by 
W. E i  sens t a d t  . 

6 .  "Use o f  Liquid Nitrogen Cooled Shield t o  Protect Proton 
Accelerator Against Oil Vapo~  Contaminatfon," Rev. S e i .  
Imtr., 37, No, 7,  977 (1966). 

"A Low Cost, High Temperature (9300eC) Vacuum Furnace," 
J. Vaoutun SCi. & TechnoZogy, 3, NO. 6 ,  351 (1966). 

"Detection o f  Hydrogen f n  Air by Weans of Alkali Ion 
C u r r e n t  from Hot Palladium," RSU. SOi. Imtr., 38, No. 1 ,  
92-94 (Jan. 1967), w f t h  C. W .  Carlson and J. Abramowitz. 

7, 

8 .  

9 ,  "Contamination o f  MOS Field Effect Trans is tors  by Alkali 
Ions Emi t t e d  from Hot Tungsten or Molybdenum Fllamnts- 
Removal by Electrlc Fields  ,I' EZec. Cmmdca tar ,  16-17 
(Nov ./Dec 1967). 

"Pol ari t a t i o n  Sensi ti v i  t y  of the RCA 6903 Photocathode 
Tube," AppZCed Optice, 5, No. 6,  1091-1092 ( l966) ,  w i t h  
A. Cutler, 

10. 

11. 

12. 

13. 

"Chemisorption of Oxygen on Zinc Oxide--Effect o f  a DC 
Electric Field,"  Surface Sd., 12, 2 (1968), w i t h  J .  Lane, 

'The Electronic 'Sponge'--Selective Gas Adsorber," Indus. 
~esearch, (May 1968). 

"Replication Versus Metalljzation for Interference Micro- 
scopy o f  T h i n  Films," J, Vannrm Sei .  & TechnoZogy, 5, 
125-126 (JuIy/AUg. 1968), w i t h  3. l a n e .  

14. "Ion and Electron Currents from Hot Filaments: Effects 
o f  Alloying on Electron Emission," Solid State  Tech,, 111, 
No. 12 ,  53 fDec. 1968), w l t h  R.  Pope, 

"Vapor. Deposition of Zinc on Glass--Effect o f  a Glow Dis- 
charge During Evaporation," t o  appear i n  the J.  Vaarm 
SOi. 6 TechnoZogy. 

15, 

16 "Emi $ s i  on of H i  gh-Energy El ectrions Duri ng A1 1 oy-Evapora- 
Lion Processes on Hot Metal Fllaments," t o  appear i n  

. App t ied Physics Le t$euts, 
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